Two new natural products, n-butyl and isopropyl 3,5-dimethoxy-4-hydroxycinnamate were isolated from Spatoglossum variabile. Three known compounds, methyl 3,4,5-trihydroxybenzoate, 2-deoxyinosine and 9-b b-(D-ribofuranosyl)adenine were isolated for the first time from the methanolic extracts of this alga. The structure elucidations of the new compounds were carried out with the help of modern spectroscopic techniques.
In recent years several new bioactive compounds have been isolated from marine organisms. 1) However, despite recent progress in the area of marine chemistry, organisms of the Arabian Sea are little explored, which stimulated us to investigate the chemical constituents of such marine organisms. Spatoglossum variabile FIGARI et DE NOTAR. is a brown alga belonging to the family Dictyoaceae.
2) S. variabile grows on the mid and littoral rocks along the coastline of Pakistan near Karachi city.
3) As a part of our ongoing phytochemical studies on S. variabile, we have recently reported some new natural products from this alga. [4] [5] [6] We now report the isolation of two new compounds, n-butyl 3,5-dimethoxy-4-hydroxycinnamate (1) and isopropyl 3,5-dimethoxy-4-hydroxycinnamate (2) along with three known compounds, methyl 3,4,5-trihydroxybenzoate (3), 2-deoxyinosine (4) and 9-b-(D-ribofuranosyl)adenine (5) from this marine alga.
The HREI-MS (high resolution electron impact mass spectrum) of compound 1 showed the M ϩ at m/z 280.1319, corresponding to the molecular formula C 15 H 20 O 5 (Calcd 280.1311) indicating six degrees of unsaturation in the molecule. Significant ion at m/z 224.0688 (C 11 H 12 O 5 ) was due to the loss of n-butyl group (C 4 H 9 ) from the parent molecular ion at m/z 280.1319. The ions at m/z 207.0661 (C 11 H 11 O 4 ) and 180.0776 (C 10 H 12 O 3 ) were observed, corresponding to the losses of hydroxy group (-OH) from the ion at m/z 224.0688 and -CO group from the ion at m/z 207.0661, respectively. Furthermore, the ions at m/z 149.0807 (C 9 H 9 O 2 ) and 120.0581 (C 8 H 8 O) corresponded to the subsequent losses of a methoxy group from the ion at m/z 180.0776 and as well as from the ion at m/z 149.0807, respectively.
The UV (ultraviolet) spectrum exhibited absorptions at 313, 227 and 212 nm which indicated the presence of an aromatic conjugated system. 7) The IR (infrared) spectrum of 1 showed strong absorptions at 3275 (O-H), 2918 (C-H), 1673 (CϭO), 1608, 1526 (aromatic CϭC) and 1144 (C-O) cm Ϫ1 . 8) Analysis of the 1 H-NMR spectrum of 1 indicated the presence of two aromatic protons, two olefinic protons, six methylene protons, three sets of methyl and six sets of methoxy methyl protons. This indicated the cinnamic nature of compound in hand. 8) The aromatic protons resonated as a singlet at d 6.71 was due to H-2/H-6. A singlet integrating for 6H at d 3.85 was assigned to OCH 3 -1a and OCH 3 -1b. The C-10 methylene protons, geminal to the ester oxygen, appeared as a triplet at d 4.12 (J 10,11 ϭ6.6 Hz), whereas the C-11 and C-12 On the basis of these spectroscopic studies, it was concluded that the compound 1 is a n-butyl 3,5-dimethoxy-4-hydroxycinnamate.
Compound 2 was assigned the molecular formula C 14 H 18 O 5 by HREI-MS, showing the molecular ion peak at m/z 266.1157 (C 14 H 18 O 5 , Calcd 266.1154). It was differs from compound 1 only by the presence of a isopropyl unit at C-10 instead of a n-butyl unit at C-10. The structure was further supported by mass, IR, 1 H-and 13 C-NMR experiments. The fragmentation pattern in the EI-MS as well as the IR spectrum (CHCl 3 ) of 2 was identical to 1. The 1 H-NMR spectrum of 2 displayed a methyl signals resonating at d 1.21 (6H, d, J 11/12,10 ϭ6.3 Hz) which were assigned to H 3 -11/H 3 -12, whereas the C-10 methine proton, geminal to the ester oxygen which resonated as a multiplet at d 5.07. Its 13 C-NMR spectrum showed two signals at d 67.6 and 21.9, which were assigned to isopropyl unit C-10 and C-11/C-12, respectively. The HMQC and HMBC spectrums of 2 also revealed the same interactions as in 1. On the basis of these data compound 2 was identified as isopropyl 3,5-dimethoxy-4-hydroxycinnamate.
Compounds 3-5 isolated by us for the first time from the Spatoglossum variabile had previously been reported from other natural sources. [11] [12] [13] The structures of compounds 3, 11) 4, 6) and 5 13) were determined by comparison of their spectral data with the literature values.
Experimental
The melting point was determined with a Büchi SMP-20 apparatus and is uncorrected. The UV spectra were recorded on a Lambda 5 UV/VIS spectrometer (Perkin-Elmer). The IR spectra were recorded on a Bruker FT-IR IFS 48 spectrophotometer. The EI (electron inpact), FD (field dispersion), FAB (fast atom bombardment) and HREI-MS were recorded on Varian MAT 711 and on a MAT 112S mass spectrophotometer. The 1 H-NMR spectra were recorded on Bruker AC 250, AM 400 and AMX 500 spectrometers using UNIX data system at 250, 400 and 500 MHz respectively, while Extraction and Isolation The alga was washed with water, air-dried for five days and then soaked in methanol (50 l) for one week. The methanolic extract of the alga was filtered and then evaporated under vacuum. The residue (512 g) was triturated with distilled water and successively fractionated with n-hexane, CHCl 3 , EtOAc and n-BuOH. The concentrated EtOAc extract (49.2 g) was loaded onto a silica gel (804 g) column and then subjected to gradient elution with mixtures of n-hexane-CHCl 3 and CHCl 3 -MeOH. The fraction obtained on elution with n-hexane-CHCl 3 (7 : 3) was subjected to preparative TLC using n-hexane-CHCl 3 -EtOAc-NH 4 OH (6 : 2 : 2 : 3 drops) as the solvent system to afford the new compounds 1 (18.3 mg) and 2 (38.5 mg). The fraction which eluted with nhexane-CHCl 3 (5 : 5) gave one major spot which was further purified by chromatography over silica gel using n-hexane-CHCl 3 -EtOAc (5 : 3 : 2) as eluent to provide 3 (86.7 mg). The fraction eluted with CHCl 3 -MeOH (7 : 3) gave two major spots, which was further purified by preparative TLC in the solvent system CHCl 3 -MeOH-NH 4 OH (6.5 : 3. 
